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VARIABILITY OF LA, SC, TH AND U CONTENTS IN BITUMINOUS COALS OF 
LUBLIN FORMATION IN LUBLIN COAL BASIN (LCB) 
 
Abstract 
As compared with international coals, high contents of La, Sc, Th and U were 
found in LCB coals. La content in Polish coals was determined for the first time. 
Vertical and lateral variability in element contents of the Lublin Formation, where they 
occur in associations with other elements, was noted. 
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Introduction 
Following geological studies and mining conducted during recent 20 years, it was 
possible to access LCB coal seams and to discover which elements, not yet determined 
or determined rarely, occur in coals. In this study, we decided to analyse coals from coal 
seams (378, 382, 385, 387, 389, 391, 394) marked by the largest spread, according to 
Porzycki and Zdanowski [11] and relatively stable thickness in Bogdanka and Chełm 
deposits. The seams are supposed to be mined in the coal mine „Lubelski Węgiel 
Bogdanka‖ [1]. 
The aim of this article is to evaluate average contents and changes in La, Sc, Th 
and U contents in LCB coals. 
Scope of research and methodology 
From seams 382 and 385/2 coal columns were sampled in active mine faces in the 
coal mine „Bogdanka‖. 219 coal samples from drill cores in 12 holes in the deposit 
„Chełm‖ were obtained for research from the Polish Geological Institute, the Upper 
Silesian Branch, as part of the Marie Skłodowska-Curie Fund. The results were 
submitted to the Institute and published [2, 7, 8, 9]. 30 coal samples not studied so far 
due to small coal mass, collected from 8 drill cores (Fig. 1), were analysed in this work. 
In coal ashes (525oC), La, Sc, Th and U contents were determined with ICP–Mass 
Spectrometer (Tab. 1). 
By means of X2 Pearson's test, geometric means were considered best to estimate 
averages (Tab. 2), therefore the test was also used to determine average La, Sc, Th and U 
contents in coal seams of the profile of the Lublin Formation (Fig. 2). Moreover, 
correlation coefficients were calculated to obtain element affinity to organic or mineral 
portions of the investigated coals, and to find element associations marked by 
geochemical relationships (Tab. 3). 
Results and interpretation 
Coal ash 
Average ash content in LCB coals is 11.88%, which is slightly lower than ash 
content in the whole basin as given by Cebulak (A = 13.63%) [2], and Porzycki and 
Zdanowski (A = 14.82%) [11]. Since average ash contents in bituminous coals around 
the world have not been estimated so far, the investigated coals were compared to 
petrologically similar Paleozoic coals from other seams in the North Atlantic macro-
region. Based on the comparison, ash content in the LCB coals was determined to range 
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from 1.34% to 24.20% corresponding to ash contents in English [16] and American [14] 
coals.  
Generally, 1-modal distribution of ash contents in the coals of the profile of the 
LCB, with maximum ash content in coal from the coal seam 387, and minimum – in the 
coal from the seam 394 (Fig. 2) was discovered. Large differences in ash contents were 
determined in coals within the LCB and vertical profile of the seams 378 and 391 (Tab. 
1). The changes result probably from the differences in mineral matter content within the 
LCB coal seams described by Knafel [6]. 
 
Fig. 1 A geological characteristics of the researched areas in the LBC (after Porzycki 
and Zdanowski, 1995) and location of the places from where symplex were taken 
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Table 1 La, Sc, U and Th content (ppm) in coal form researched areas in the  
LCB 
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Lanthanum 
Average La contents in the LCB coals is found to be much higher than in 
international coals (Tab. 2). A wide La content interval in the investigated coals and 
quite a high standard deviation result from statistically significant vertical and lateral 
variability of La content in the LCB coals. La distribution in the coals of the profile of 
the Lublin Formation is approximately 1-modal, with maximum content in coal from the 
seam 387, and minimum content in coal from the seam 394 (Fig. 2). In general, 
insignificant differences in La contents in coals within the coal seams 
387>382>378>394>391=389 were discovered (Tab. 1). However, visible changes in La 
contents in the coal of the vertical profile in seams 382>378> 394=391 result probably 
from La sorption from aqueous solutions infilling the seam by organic matter and clay 
mineral aggregates in the areas near the roof and the floor of the coal seams. The process 
was discussed in detail by Ryasanov and Yudovich [13].  
The correlation coefficient between La content in the investigated coals and ash 
content indicates that both organic and mineral matter have influence on La 
accumulation in coal (Tab. 3). Strong correlation bond between La and Th, moderately 
strong bond between La and Nb>V=Zr>Cu>Y, and weak bond between La, and Ba and 
Cr were discovered. On the other hand, the presence of Mg and Mn in the coals almost 
completely excludes the possibility for La to occur in the LCB coals. 
The results of geochemical studies on the coals from different coal seams of the 
world by various authors compiled and developed synthetically by Yudovich et al. [20] 
indicate syngenetic origin of La in LCB coals. Low La contents in coals result from coal-
forming plants. La in coals comes probably from mineral matter aggregates of terrigenic 
origin from weathering zones of granitoid rocks and pegmatites in the north-eastern 
alimentation area. 
Scandium 
Sc contents in LCB coals is significantly higher than Sc content in the coals of the 
LSCB and international coals (Tab. 2). A wide change interval in Sc content in the coals 
and high standard deviation indicate extensive variability in Sc occurrence in the coals 
both in the profile and within the LCB. The highest Sc contents of the profile of the 
Lublin Formation were found in the coals from the seams 394 and 378, while the lowest 
values in the coals from the seam 391 (Fig. 2). In the profile of the seams (Tab. 1), 
higher Sc contents, as compared with other parts, were noted in the centre (seams 394 
and 378) and in the floor and the roof of the seams (391 and 382). Large differences in 
Sc contents in the coals within the LCB were found in the seams 394>391=387. 
Correlation coefficients indicate that there is a considerable influence by organic 
matter on average Sc content in the investigated LCB coals (Tab. 3). In organic matter 
probably Sc co-occurs with Be>Ni>Cr>V>Cu>Y>CoSb>Pb, while it occurs quite rarely 
with Zn>W>Mo. Presence of Sc in the coals excludes the occurrence of phosphorus. 
Following Yudovich et al. [20], it was assumed that Sc derives from coal-forming plants 
which absorbed it from solubilized aggregates of pegmatite grains and maphic minerals. 
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Table 2 Average values (ppm) of La, Sc, U and Th in coals from research areas 
Element Range 
Arithmetic 
mean 
Geometric 
mean 
Standard  
deviation 
Mean of World 
Other 
bituminous 
coals in Poland 
La 33 - 213 79.24 70.40 45.42 1–407; 3–1010;  
Th 9 - 54 28.76 26.80 10.75 4
7; 3.5±0.710; USCB: 2.35; 
U 10 - 45 15.76 14.21 8.70 2.0
7; 1.9±0.110; 
LSCB: 1500-
9900
3
; 1202-
1360
4
; 
USCB: 8.9-6720
2
; 
37-7200
3
; 0.3
5
; 
0.6-2660
6
; 0.3
8
; 
0.79-1.52
9
; 
Sc 6 - 133 58.58 49.19 32.65 4
7
; 3±0.210; LSCB: 2.411; 
Citation of results from: 1 – Golschmidt and Peters [3], 2 – Hoffmann [4], 3 – Jęczalik [5], 
4 – Nielubowicz and Wróblewski [10], 5 – Różkowska [12], 6 – Sałdan [15], 7 – Swaine [17], 8 – 
Widawska-Kuřmierska [18], 9 – Winnicki [19], 10 – Yudovich et al. [20]. LCB - Lublin Coal 
Basin, LSCB – Lower Silesian Coal Basin, USCB – Upper Silesian Coal Basin. 
 
 
Fig. 2 La, Sc, U and Th content in coal seams in vertical profile of the Lublin Formation 
(LCB). 
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Thorium 
Average Th content in the LCB coals is significantly lower as compared with 
USCB coals and international coals (Tab. 2). Th distribution in the coals of the profile of 
the Lublin Formation is generally 1-modal, with maximum Th content in the coals of the 
seam 387, and minimum in the coals of the seam 391 (Fig. 2). Coals in the parts near the 
roof of the coal seams are slightly enriched in Th. 
Correlation coefficients indicate that probably mineral matter gains importance 
over organic matter in Th concentration (Tab. 3). Following Yudovich et al. [20], Th was 
ass-umed to concentrate more in minerals from weathering igneous and metamorphic 
rocks from alimentation areas of the LCB than in coal organic matter. Undoubtedly, in 
mineral aggregates Th often co-occurs with La>Ba>Nb>Sr>Ti>Al=Zr, while quite rarely 
with Sn and P. Presence of Th in the coals excludes the occurrence of 
Mg>Mn>FeNa>As. 
Uranium 
Average U content in the LCB coals is higher than its content in international 
bituminous coals, however, it is generally lower than U content in the LSCB and USCB 
coals (Tab. 2). In general, U content in the coal seams of the profile of the Lublin 
Formation is weakly differentiated, with maximum U content is the coals of the seam 
387 (Fig. 2). In the profile of the coal seams small differences of uranium content were 
noted as well (Tab. 1). 
Correlation coefficients indicate the relationship between U and organic portion 
of the investigated coals. Following Yudovich and Ketris [21], it was assumed that U in 
coals probably occurs in organic complex compounds and solutions of humic and 
fulvonic acids, in association with clay mineral aggregates. 
 
Table 3 Values of correlation coefficient between the contents of La, Yh, U, Y and Sc in 
coals and coals ash content from the LCB and correlations relationships between the 
elements. Correlation coefficient for confidence interval 95% is r = ±0.35 
Element La Sc Th U 
Ash525 0.01 -0.49 0.25 -0.26 
Ag 0.23 -0.17 -0.01 -0.32 
Al 0.22 0.01 0.53 0.01 
As -0.17 0.00 -0.35 -0.02 
Ba 0.38 -0.23 0.65 -0.18 
Be 0.13 0.79 -0.03 0.51 
Bi -0.18 0.07 -0.31 -0.07 
Ca -0.12 0.04 -0.21 -0.10 
Cd -0.04 -0.10 0.01 -0.08 
Co 0.23 0.63 -0.06 0.23 
Cr 0.37 0.75 0.13 0.08 
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Cu 0.45 0.72 0.20 0.55 
Fe -0.27 0.12 -0.47 0.05 
K -0.13 -0.15 -0.11 -0.07 
La 1.00 0.20 0.75 0.18 
Mg -0.48 0.13 -0.66 0.02 
Mn -0.39 0.06 -0.65 0.01 
Mo -0.01 0.37 -0.25 0.42 
Na -0.21 -0.23 -0.36 -0.07 
Nb 0.58 0.27 0.63 0.40 
Ni 0.17 0.77 -0.15 0.26 
P 0.15 -0.35 0.40 -0.16 
Pb 0.34 0.59 0.20 0.36 
Sb 0.06 0.61 -0.15 0.59 
Sc 0.20 1.00 0.02 0.33 
Sn 0.40 -0.09 0.45 0.12 
Sr 0.27 -0.33 0.59 -0.20 
Th 0.75 0.02 1.00 0.12 
Ti 0.29 0.04 0.58 -0.02 
U 0.18 0.33 0.12 1.00 
V 0.50 0.72 0.30 0.54 
W 0.28 0.37 0.21 0.10 
Y 0.42 0.67 0.34 0.37 
Zn -0.11 0.44 -0.26 0.39 
Zr 0.50 -0.02 0.52 0.25 
 
Conclusions 
Contents of La, Sc, Th and U in LCB coals are markedly higher as compared with 
international coals, and higher (Sc and Th) and lower (U) as compared with other Polish 
Carboniferous coal basins. Lanthanum in Polish coals was determined for the first time. 
Distribution of ash, La and Th contents in the coals of the Lublin Formation is 1-modal, 
and contents of Sc and U are 2-3 modal. There is variation in the contents of ash, and La, 
Sc, Th and U in the coals in the profile of some coal seams, which are caused by sorption 
and different element diffusion rates. Organic matter has a fundamental influence on the 
contents of Sc and U in the coals; Th content is affected by mineral matter and La by 
both organic and mineral matter to the same extent. The elements derived probably from 
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granitoid rocks and pegmatitoids from NE Poland. In the LCB coals, La, Sc, Th and U 
occur in associations with elements marked by geochemical relationships. 
References 
[1] Bogdanka, (2004): Ogólna charakterystyka górniczo-geologiczna złoża „Lubelski 
Węgiel Bogdanka‖ S.A, Przekrój geologiczny w rejonie szybów głównych w 
Bogdance. 
[2] Cebulak, S., (1983): Determination of geochemical components of coal from the 
point of view of full utilization and environmental preservation. In: Bojkowski, 
K., Porzycki, K., (Eds.), Geological problems of coal basins in Poland. Warsaw 
335-361. 
[3] Goldschmidt, V.M.and Peters, C. (1931): Zur Geochemie des Scandiums. Nachr. 
Ges. Wissen. Göttingen. Math.-Phisik. Kl., 257 – 279. 
[4] Hoffmann, J., (1945): Uran in Kohlen und Torf.Chemie Erde 15, 277 – 282. 
[5] Jęczalik A., 1970. Geochemia uranu w uranonořnych węglach kamiennych w 
Polsce. Biuletyn Inst. Geol. 224: Z badań petrograficzno – mineralogicznych i 
geochemicznych w Polsce 103 – 195.  
[6] Knafel, S., (1988): Charakterystyka petrograficzna węgla. In: Dembowski Z., 
Porzycki J. (Eds.), Karbon Lubelskiego Zagłębia Węglowego. Prace Inst. Geol. 
122, 167-179. 
[7] Marczak, M., (1985): Geneza i prawidłowořci występowania pierwiastków 
řladowych w węglach złoża Chełm w Lubelskim Zagłębiu Węglowym. Prace 
Nauk. Uniw. Řl. w Katowicach 748, 1 – 109. 
[8] Marczak, M.and Parzentny, H. (1985): Geochemiczna i ekologiczna ocena węgli 
złoża Chełm o podwyższonych i wysokich koncentracjach ołowiu. Przeg. 
Geol.33, 680-683 
[9] Marczak, M.and Parzentny, H. (1989): Stężenie kadmu jako kryterium 
ekologicznej oceny węgli złoża Chełm w LZW. Przeg. Geol. 37, 272-275. 
[10] Nielubowicz, B.and Wróblewski, T. (1963): Przyczynek do poznania 
okruszcowania uranowego w węglach warstw radwanickich na Dolnym Řląsku. 
Kwart. Geol. 7, 114-128 
[11] Porzycki, J.and Zdanowski, A. (1995): Coal deposits, Lublin Coal Basin. In: 
Zdanowski A., Żakowa H. (Eds.), The carboniferous system in Poland. Papers of 
the Polish Geological Institute 148, 159-164. 
[12] Różkowska, A. (1993): Pierwiastki podrzędne i řladowe w węglu z głębokich 
poziomów karbonu produktywnego Górnořląskiego Zagłębia Węglowego. Przeg. 
Geol. 41, 780-785.  
[13] Ryasanov, I.V.and Yudovich, J.E. (1974): K diffuzionnoj teorii redkomatal‘nogo 
obogańčenija kontaktnych zon ugol‘nych plastov. Litol. Pol. Iskop., nr 4, 64-67. 
[14] Ruppert, L.F., Kirschbaum, M.A., Warwick, P.D., Flores, R.M. and Affolter, 
R.H. (2002): The US Geological Survey's national coal resource assessment: the 
results. Int. J. Coal Geol. 50, 247 – 274. 
[15] Sałdan, M. (1965): Metalogeneza uranu w utworach karbońskich Górnořląskiego 
Zagłębia Węglowego. Biuletyn Inst. Geol. 193: Z badań złóż kruszców 5, 111 – 
165. 
[16] Spears, D.A. and Zheng, Y. (1999): Geochemistry and origin of elements in some 
UK coals. Int. J.Coal Geol. 38, 161 – 179. 
[17] Swaine, D.J. (1990): Trace elements in coal. Butterworths, London. 278 pp. 
 211 
[18] Widawska-Kuřmierska, J. (1981): Występowanie pierwiastków řladowych w 
polskich węglach kamiennych. Przeg. Górn. 37, 455-459. 
[19] Winnicki, J., (1964): Występowanie i sposób związania niektórych pierwiastków 
rzadkich w krajowych węglach kamiennych. Prace Nauk. Instyt. Chemii Nieorg. 
i Metali Pierw. Rzadkich Pol. Wrocł. 18, 45 – 71. 
[20] Yudovich, Ya.E., Ketris, M.P., Merc, A.W. (1985): Elementy – primesi v 
iskopaemych ugljach. Izdatielstvo ―Nauka‖, Leningrad, pp. 1 – 239.  
[21] Yudovich, Ya.E. and Ketris, MP. (2005): Toksicnye elementy-primesi v 
iskopaemych ugliach. Russian Acadamie of Sciences, Ural Division Komi 
Scientific Centre, Institut of Geology, Ekaterinburg,  pp. 1 – 655. 
 212 
